Abstract: Monocrotophos a organophosphate pesticide was administered orally at doses of 1.6, 3.3, 6.6, 10 and 13 mg/kg body weight/day to normal virgin Swiss albino mice for 30 days. The vaginal smear and body weight of the mice were recorded daily and mice were sacrificed on 31 st day. The ovaries from each animal was serially sectioned and stained for follicular studies. Estrous cycle was affected by showing a significant decrease in the number of estrous cycle and duration of proestrus, estrus and metestrus with concomitant significant increase in the duration of diestrus in all the treated groups, except with 1.6 mg/kg body weight/day monocrotophos treated group. There were significant decrease in the small, medium, large and total number of healthy follicles and increase in the medium, large and total number of atretic follicles with 6.6, 10 and 13 mg/kg body weight/day monocrotophos treatment. However, there were no significant change in the number of healthy and atretic follicles with 1.6 and 3.3 mg/kg/bodyweight/day monocrotophos treatment. There was no change organs weight except for a significant decrease in weight of the ovary with 3.3, 6.6, 10 and 13 mg/kg body weight/day and uterus and body weight with 10 and 13 mg/kg body weight/day monocrotophos treatment. Interruption in estrous cycle, decrease in healthy follicles and increase in atretic follicles may be due to harmonal imbalance or toxic effects of monocrotophos, which adversely effects reproductive function, as it has also analgesic and sedative action.
Introduction
The deleterious effects of insecticides on human and animals are known 1, 2) . Organophophorus compounds that inhibit cholinesterase are now widely available and commonly used as agricultural insecticides in many countries. Monocrotophos is a broad spectrum organophosphorus insecticide used against a wide range of insect pest of a variety of crops and domestic animals. It is one of the highly toxic agricultural chemicals with wide variation in toxicity between different species 3) . Monocrotophos being a relatively nonvolatile persistent systemic insecticide 4) , is widely used in India for plant protection programmes on various cash crops like chillies, cotton, sugarcane, pulses, vegetable and fruit orchards. It's use sometimes results in environmental pollution. Various aspects of toxicity including mutagenic potential in mice have been reported regarding monocrotophos 5) . Reproductive toxicity was reported by Adilaxmamma et al. 6) . Quantitative assessment of follicle numbers has been suggested as an indication of normal function of toxic responses in the ovary 7) . Therefore, the paper attempts to extend the reports on toxic effects of monocrotophos on estrous cycle and follicular dynamics in normal cycling adult female albino mice.
Materials and Methods
Technical grade monocrotophos 75% (3-hydroxyl Nmethyl cis crotonamide dimethyl phosphate) supplied by Rallis India Ltd., Mumbai was dissolved in distilled water Industrial Health 2002, 40, [237] [238] [239] [240] [241] [242] [243] [244] to obtain desired concentrations.
Laboratory bred adult female Swiss albino mice aged 90-120 days, weighing between 22--25 g, showing regular estrous cycle length (4-5 days) were selected randomly from the breeding stock. The animals were housed in separate cages bedded with paddy husk and had free access to synthetic pellet diet "Gold Mohar" (Hindusthan Lever Ltd., Mumbai) and water ad libitum through out the study. The lighting schedule was 12:12 hour light and dark cycle at a room temperature 26°C ± 1°C. Animals were divided into 6 groups having 10 animals in each group. Monocrotophos was administered in doses of 1.6, 3.3, 6.6, 10 and 13 mg/kg body weight/day orally for 30 days to respective groups. The controls received an equal volume of distilled water. Daily vaginal smear and body weight were recorded throughout the experiment. The phases of estrous cycle was determined by observing the vaginal smear in the morning (08:00 h to 10:00 h) as described by Cooper et al. 8) . Animals were sacrificed by cervical dislocation on 31 st day, 24 h after the final exposure and soon after the last vaginal smear.
Morphometric analysis of follicular growth studies
Ovaries of 4 animals were taken for follicular growth studies. The weight of ovaries of the animal nearest to the mean weight of the ovaries of respective group was selected. The ovaries were fixed in Bouin's fluid, embedded in paraffin, sectioned at 5 µm thickness and stained with hematoxylin and eosin. Sections of the ovary were examined under the light microscope and the general histologic appearance was assessed. Several sections of the ovary were counted for various stages of development of follicles as described by Moawad et al. 9) and Bolon et al. 10) . Follicles were classified according to Chen et al. 11) into small, medium and large follicles. Healthy or atretic follicles were classified as described by Swartz and Mall 12) . Three classes of ovarian follicles were categorised using the relative cross sectional diameter of the follicle as measured from the outer margins of the granulosa cell layers, the number of margins of the granulosa cell layers and the nature of the antral space. [6] [7] [8] were characterized by central oocyte and fluid filled space bordered by number of granulosa cells. By using these criteria diameters of follicles were classified into small, medium 20 to 70 µm and for antral/large follicles more than 70 µm in mice. Follicles displaying the nucleus of the oocyte were measured by using a callibrated occular micrometer to avoid repeated counting. The maximum diameter and diameter at the right angle to it were used to obtain a mean diameter for each follicle. A follicle was considered to be undergoing atresia or to be regressing whenever 2 or more pycnotic granulosa cells could be found in a single section or when the oocyte showed signs of degeneration, such as fragmentation, loss of nuclear membrane, or thinning of the cumulus oophorus as proposed by Osman 14) . Change in the body weight was calculated on the basis of body weight taken on the first day of the treatment as the initial body weight and weight taken on 31 st day was considered as the final body weight after cervical dislocation. The liver, kidney, adrenal, uterus, ovary, thyroid, thymus, spleen and pituitary were dissected and weighed to the nearest milligram to ensure normalization of data for statistical analysis, organ weights are expressed for 100 g body weight.
Statistics
Statistical significance between the control and experimental data were subjected to analysis of variance (ANOVA) together with Dunnett's test (P<0.05).
Results

Estrous cycle studies
The control rats exhibited regular estrous cycle and normal duration of each phase of estrous cycle. Treatment with monocrotophos caused a significant decrease in the number of estrous cycle and duration of proestrus, estrus and metestrus with concomitant significant increase in the duration of diestrus with 3.3, 6.6, 10 and 13 mg/kg body weight/day monocrotophos treatment. However, treatment with 1.6 mg/kg bodyweight/day monocrotophos did not significantly change the number of estrous cycle and each phase of estrous cycle (Table 1) .
Morphometric analysis of follicular growth studies
There is a significant decrease in the number of small, medium, large and total number of healthy follicles with 10 and 13 mg/kg/day monocrotophos treatment. There is also a significant decrease in the number of small, medium and total number of healthy follicles with 6.6 mg/kg/day monocrotophos treatment. However, treatment with 1.6 and 3.3 mg/kg/day monocrotophos did not significantly decrease the number of small, medium, large and total number of healthy follicles. There is a significant increase in the number of medium, large and total number of atretic follicles with 6.6, 10 and 13 mg/kg/day monocrotophos treatment. However, treatment with 1.6 and 3.3 mg/kg/day did not increase significantly the medium, large and total number of atretic follicles (Tables 2, 3) .
Histologic observation of the ovary in control mice showed many number of developing follicles, Graffiaan follicles and few atretic follicles (Fig. 2) . Histologic observation of the ovary with 1.6 mg/kg/day monocrotophos treatment showed many developing follicles, Graffiaan follicles, corpora lutea and atretic follicles (Fig. 3) . Histologic observations of the ovary with 3.3 mg/kg/day monocrotophos showed developing follicles, Graffiaan follicles, corpora lutea and atretic follicles (Fig. 4) . Treatment with 6.6 mg/kg/day monocrotophos showed less number of developing follicles, Graffiaan follicles, corpora lutea and many atretic follicles (Fig. 5) . Treatment with 10 and 13 mg/kg/day monocrotophos showed very few developing follicles corpora lutea and plenty of atretic follicles (Figs. 6, 7 ).
Body and organs weight studies
The mice given monocrotophos for 30 days showed a dose related toxicity in terms of body weight, but none of the treatment significantly altered the weight of animals, as with higher doses there was trend towards suppression of food and water intake. There was significant decrease in body weight with 10 and 13 mg/kg/day monocrotophos treatment. Treatment with different doses of monocrotophos did not alter the weights of liver, kidney, adrenal, thyroid, thymus, spleen and pituitary. However, there was a significant decrease in the weight of ovary with 3.3, 6.6, 10 and 13 mg/ kg/d and uterus with 10 and 13 mg/kg/d monocrotophos treatment (Table 4) .
Discussion
In the present study there is a significant decrease in the body weight in 10 and 13 mg/kg body weight/day as there was suppression towards food and water intake in higher doses. This also may be one of the reasons for interruption of estrous cycle. Similar observation have also been made by Adilaxmamma et al. 6) and Ratnasooriya et al. 15) . Treatment with monocrotophos in different dose groups did not alter weights of liver, kidney, adrenal, thymus, spleen and pituitary. But there was a significant decrease in the weights of ovary and uterus. Adilaxmamma et al. 7) made similar observation in rats treated with monocrotophos and have stated that decrease in weight and size of ovaries is due to extensive fibrosis and atretic follicles. Reduction in uterus weight may be due to animals were in diestrus at the time of death and also showed prolonged diestrus. The appearance of prolonged diestrus indicates, secretion of estrogen from the ovary must be affected, which in turn might be due to less release of gonadotropins, thus causing harmonal imbalance. It has also been observed with endosulfan treatment to rats on dermal exposure for 30 days showed decrease in uterus weight 16) . Treatment with methyl parathion has been shown to decrease, uterus weight significantly in hemicastrated rats 17) . Cyclic changes of the vaginal smear observed in the estrous cycle gives a reasonable index of ovarian activity and hormonal synthesis of estrogen and progesterone. The levels of estrogen and progesterone are controlled by pituitary Industrial Health 2002, 40, 237-244 gonadotropins and hypothalamus releasing gonadal hormone 18) . The data obtained in the present study reveals that the control mice exhibited regular estrous cycle of 4-5 days. Mice treated with different doses of monocrotophos causes a significant decrease in the number of estrous cycle and duration of proestrus, estrus and metestrus with concomitant significant increase in the duration of diestrus phase. Diestrus index has increased in dose dependent fashion. Similar results have been reported with other organophosphate pesticides. Budreau and Singh 19) reported that there was a significant increase in the time spent in estrus and diestrus phase after administration of dimethoate in mouse. Math et al. 20) have reported that treatment with edifenphos caused disturbances in estrous cycle with prolonged diestrus phase. Soratur and Kaliwal 21) have observed methyl parathion shows significant increase in diestrus phase in 30 days treatmentin rats. On this study it was shown that treatment with monocrotophos shows prolonged diestrus and hence monocrotophos may not have estrogenic activity. In contrast organochlorine pesticide like DDT and its isomer O,P'-DDT, chlordecone and methoxychlor showed a capacity to induce the persistent vaginal estrus (PVE), thereby reducing the number of reproductive cycles in stipulated time resulting from hormonal imbalance and prolonged estrus 12, [22] [23] [24] [25] [26] . A carbamate pesticide mancozeb when treated to hemispayed rats reduced number of estrous cycle with significant increase in duration of diestrus phase 27) . The basic functional unit of reproduction within the ovary is the follicle 28) . Follicles start to grow at all times and as they develop, they produce large number of thecal cells. The conversion of follicles to atretic state is functional rather than a degenerative process and is considered to be integral part of ovarian function 29, 30) . Most of the follicles undergo atresia and very few mature to ovulate among the new crop of recruited follicles during every cycle. After the early stage of gonadotropin independence, the entire process of follicle growth becomes dependent on the continuos presence of gonadotropins 31, 32) . In the present study there was a decrease in the number of small, medium, large and total number of healthy follicles with concomitant increase in the number of medium, large and total number of atretic follicles with monocrotophos treatment. Similar finding have been reported with different pesticide treatment in rats and mice, Swartz and Mall 12) have reported that chlordecone induces follicular toxicity by reducing healthy, large and medium sized follicles with increase in atretic follicles. Cyclophosphamide has been found to inhibit the development of antral follicles in rats thereby increasing atretic follicles through interfering with hormonal ovarian follicular development and reduces estradiol 33) . An organphosphate edifenphos is reported to decrease significantly some of the follicular stages and total number of healthy follicles and significantly increases the number of atretic follicles in dose dependent manner 34) . Evans et al. 35) have shown that the ovarian androgen and inhibin secretion by follicles may play an important part in the regulation of FSH secretion and follicular dynamics.
Playing an integral regulatory role in the control of ovarian function is the hypothalamo-pituitary unit. Functioning in a co-ordinated manner with appropriate signals provided by ovary via pituitary gland are responsible for the synthesis and storage of gonadotropins, FSH and LH. These glycoprotein hormone in turn play a key role as regulators of folliculogenesis. Therefore, toxicants that interfere with ovarian function could do so indirectly by acting at the level of hypothalamus or pituitary gland or both 36) . In the present study, tretament with monocrotophos might have interfered with ovarian function and indirectly acted at the level of hypothalamus or pituitary gland or also directly on the ovary by causing fibrosis as reported by Adilaxmmama et al. 6) . By doing so it must have interfered with the signals provided by ovary via hormonal feed back loops and stop timely release of gonadotropins FSH and LH, regulators of folliculogenesis, this may be one of the reasons for decrease in pool of healthy follicles and increase in the pool of atretic follicles. Treatment with carbamate fungicide sodium Nmethyl dithio carbamate is shown to block ovulation by inhibiting secretion of lutenising hormone in rat 37) . A wide variety of pharmacologic agents that modify neurotransmitter levels would act at the level of hypothalamus to adversely affect reproductive function. These include agents to inhibit CNS function, like anesthetic, analgesics, sedative and tranquilizers 38) . Since monocrotophos is shown to have analgesic and sedative action 15) , it may be possible that it would act on the level of hypothalamus to adversely affect estrous cycle and folliculogenesis. However, further investigation in this regard is needed.
